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The present iuyeution relates tp : methods and apparatus for ultrasound detection 
and Imaging m bmnvasealar sppUmiivm- 

5 

Currently, the decision t& tmmc&mim & symptomatic cardiac patient is based on 
the seventy of a coronary luminal ofestrUG^os- caused hy atherosclerotic plaque 
fomnuioa. However, the arterial wall, may also contain atherosclerotic lesions, 
which have not resisted in arterial lumen narrowing. Around 40% of acute 

1 0 cardiovascular events, inciudmg fetal m non-feM myoc^dial iafsrctiftp or stroke, 
are thought to 'be caused by sudden rapture events that occur in these plaques:. 
Plaque vulnerability is kr*ow». to be related to its composition, stress distribution, 
and Inilamrsatieu. Increasingly, it is becoming recognised that two other isetors 
are linked to plaque progression; a) the microvascnlar status of the plagues 

15 mmrmi)im^ b) the expression of specific molecules within the plaques, 

¥m<* vmmmt are tints mier o vessels that supply blood to eeBs widiin the walk of 
larger: blood vessels that lie beyond the diffusion limit, lor iroMent and waste 
exchange with the vessel, lumen, While their precise role is not entirely: 

20 understood, evidence is mounthrg tiiat the gpawsih of PeOvascadar ¥&$■& vas&mm 
through the process of angiogenesk is a etuoial step hi due development of 
atheroscleroue plaques. This realisation has ted to an emerging interest in the vma 
xmwmm: m a therapeutk target Further, tirese new plaque-associated mierovesseta 
appear to have a different density and spatial disoihotion than in normal coronary 

25 arteries, winch suggests the possibility that they .may be an independent marker for 
plaque staging. Due to the small vessel sizes, slow blood flow, and large tissue 
motion, this presents a very ebnlienging problem for imaging. Currently there is 
no clinically available technique capable of inmghig y$m vasorum m the coronary 
arteries. 

30 

Molecular imaging is a rapidly evolving area of medical imaging that is anticipated 
to have a substantial Impact on ahe diagnosis and Ueamient of a range of disease 
processes. The general Imaging approach Is to introduee particles <e.g. hubbies or 
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droplets) into the body, which can he detected with a triemoal imaging modality 
(e.g. magpsiic resonance imaging, positron emission txmiography or tsltrasoruxd), 
and which have been treated m sueh a way m to adhere to specific -molecules thai 
are only present in regions of diseased tissiie or celts. It is pf primary- importance 
5 to fee success of molecular imaging with a given modality that the targeted agent 
he detected with sufficient sensitivity and specificity. 

The majority of ultrasound systems operate at imqumcms in the 1 to 10 MHz 
range and form images using a lumd~held transduce? that is external to the body. 
1 0 Sodi systems are capable of providing real-time mfoHuadon aboat tissue structures 
and blood flow in tire heart and larger vessels. Unfbrtnnately, micro-vessel 
detection and mapping is not possible at these frequencies due to low signal 
afetgths from blood, tissue motion elrects :> and hmited spatial resolution. 

15 Mlcrovessei detection with ultrasound, can be in>prdved by increasing the operating 
firecpmey s due in large part to Increases in ultrasound scattering from hiopd at 
higher frequencies. However, increased signal .tftema&im at higher frequencies 
requires that the -trarjadacer is located close to: the region of interesh he. closer than 
appro^unateiy S or 10 mm at 50 MHz. Experimental mi&roy^ssei fiow imaging 

20 systems operating in the .20 to Si) MHe range have hitherto merefore only 
exaihiaed supefrlcial tissjnes such as the eye, skin and superficial turnouts. 
Regardless of frep;ueBoy 5 ; tissue motion effecis inhibit tire detection of 
microvessels, 

25 intravascular -ultrasound (WUS) h m established tool, for gaining insight, into the 
size, structure and composition of atherosclerotic plaques. Intravascular ultrasound 
aVOS) is a method by which a calhemr-based high frequency (20 to 50 MHa) 
transducer is used to create, high-resoluhoa hnages of the tomen and vascular wall 
of larger vessels. It is an established hyterventioual cardiology tool for gahring 

30 insight into the size, straetum and eoruposraon. of amerascjsroiie plaques. 
Techniques have also been developed to assess few vwdun the lumen of larger 
vessels (>2 mm diameter) using WV$. However, no existing IYDS system, or 
technique has been ^s^jble of ^#»g Moc4 fiow m : ^^;v^ruip.- 

2 



wo 2006/0 1 587? pes epxocs/ms ™« ? 



Wmixx the last two decades, gas lobbies of micrometer sM have been employed 
In 1 to 10 MHz x$U>amwi& systems |p Improve fee quality of cardiovascular images 
and. thereby improve the quality of medical diagnosis, Gss bubbles are typically 
5 stabilised vmng mtm&m* oils, dnefceners ox sugars, m ^ mtraimpg or 
encapsulating the gas or a precursor thereof into a ywwig of systems. Stabilized 
gas bubbles are generally referred to as %as^lled imerOYUsieles" or mjorobubbles. 
Extoples of nrierobubbies iucbde gas bubbles dispersed in an aqueous- medium 
and stabilised at the gas/ilquid mteriaee by a very thin envelope involving a 
1.0 sm-fectaut p>e, s an amphiphilie material). These rnicmvesicles are prepared by 
eoutaelmg powdered anaphipMllo materials, e.g. fxeeze-dried prefbrtaed liposomes 
m ireeps-aried or sprayniried |^ospl5oUj?M.^Wioxs^.:w|% airol: :6tfcer gas arid then 
widi an aqueous earner,, and agitating to generate a Pikrobubbie suspension wlseh 
is then administered shortly after Its preparation. 

15 

Other examples of gas-fiited nrlemvssides are susfpeasiaas in which the gas 
hubbies are suixdmded by a solid, material envelope of x&fae&i or synthetic 
polymers, lipids, proteins or mixtures thereof These piiero^eslcles are In. general 
referred to In the art as "nrierocapsules" or "mierobaliooris* > while the tcrro. 
20' "rniembabb!es f ' refers more eonunohly to surfaetaaPstabillzed mtcrovesioles. For 
the sg&e of clarity, m the present description and claims, the terms "bubble*'. 
*merobiibfete% and gas-filled micraveslcle, where not expressly mentioned, are 
used interchangeably, 

25 Examples of suitable aqueous aaspenslcms of gas-filled micro vesicles and of die 
prepiamtida. tfeereof am disclosed, ibrtefes&c^ m "US 5,271,928.118 5,445,8 13 S US 
5,413,774, US 5,556,610, 5,597,549, US 5,827,504, US 5,711,933, US 6,333,021, 
WO 97/29783 and W0 2004/0692S4, ah incorporated herein by reference. 

30 These hubbies, referred to as contrast agestSj are small euorsgh to pass safely 
through the capillaries, and are introduced Into the body through kyectlort. During 
the formation of an. uiixasound baage, the bubbles are simulated, to produce 
seonsOc emissions that are distmet fem fiusse of tissue, which are then exploited 

3 
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with specific loaagiug strategies to -fenxt images of fie vasculature. Mo«t current 
Imgmg strategies rely upon nonlinear bubble behaviour, which occurs when 
bubbles are stimulated with su«ieieat aa^ltade with ultrasound frequencies 
related to the bubble reson&at fi^qpeucy. The resonant frequency is related to 
5 bubble stee 9 and most contrast agents are **?s$g3$$t :%&mmlf. ©f 'babbles is tbe 1 
to 10 micron range w order to exMbst r^opant behaviour in fee conventional 
ultrasound ftequency range- 
Most implementations of nonlinear bubble Imaging exploit second harmonic 

10 emissions (centred as or usar twice the vtxansmit frequency) emissions, though, fee 
efficacy of this approach for separating blood .and tissue signals can be confounded 
by the presence ox tissue propagation harmonies, A variety of ©feet approaches 
have also been exanaineC mc;tuding suhhatmonle Imaging* which in the case of 
contrast agents: has been centred about half the tmnsrnit freqneney (the order half 

15 snbhatmonlc} (11. Nonlinear energy xmf also be distributed in other frequency 
regions, through a variety of meeharhruns suefe as. for example,, spectral 
broadening., Gassiest responses and bubble disniptlon. initial implementations of 
^fcfc&fcr b$ibbie'.:imagisg' robed upon separation of linear and nonlinear signals 
largely dtrongh frequency domain filtering. Subsequently nxultipulse teehrhques 

20 were developed,: such as phase and amplitude nmdtdstion schemes, Bubbles may 
also be destroyed, whicb has enabled the implementation of ullxasoiind desiruetion- 
reperlusion techniques for assesairrg tissue perfusion. Detection of bubbles during 
destruction also pan be used. The application of nucrolmbble contrast agents in 
combination with specific detection techniques has enabled the detection of blood 

25 located in miorovessels in many cfeHoaiiy relevant situntious. 

Here is a growing interest in developing molecular imaging techniques in medical 
ultrasound through the use of targeted nuierctebbies p}< 

30 little -work has been done wife niierobubble contrast agents at transmit frequencies 
above 15 MHz. Demos &t at p] shoved the detection of targeted gaseous 
liposomes with JVUS in animal models OfthmrijibnSi Caehatd ef cS [4] visualised 
mierobabbles with XVUS- in an: in vitro detection for the purposes of enhancing 

4 
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visualisadon of pzmk boundaries. Moxm<m ^: p] conducted a study of the linear 
scattering properties of four agents in the 30; Mfe Sequsscy range with WUS, 
Deng ei U [6] .perfecmsd imaging of micmbiibMes mfrm rmcrovesseis situated In 
the anterior segment of a rabbit em ^relimtaary studies have iterated the ability 
5 of mietokjbbies to esihaaoe the signal st^ngth rrom Mood in high frequency 
colour flow imaging [7], [S] mps^mmts. All of this -work has examined or 
assumed linear scattering thorn rmerhbnhbles atMgh feqiieneies. 

Commercially available contrast agents are not. designed lor use at high 
1 0 frequencies. As bubbles are reduced in size, oscillation damping increases and k is 
generally accepted that nonlinear osdlktxons' associated with resonant babbie 
behaviour are more difficult to initiate, It is theoretically predicted that there will 
be an upper limit to resonant Mqvmcy m. bubbles are decreased in. size §9% 
However, It lias; recently been shown that It is possible to initiate nonlinear 
IS scartcring (subharmoai.es, tdtraharmonks and second Iwrnonibs) 'f&isk a 
commerc|:aliwa*ailaMe agent (perlmj^) at tmnsrart fi:equencies In the 14 to 32 
MS& range [10], {11. J. In tim mierovessel detection In. animals has also b&m 
demonshated using fee subharmouic of a 20 Mlrz tmnsrfht tbsquency tishjg. 
Peimi% M CI2 ; 1, Second hmmsmc Imaging mode did not show .irraps^vciKents in 
20 coplx&st agent detection due to the presence of high levels of tissue sseaad 
harmonic sigaals, These results fof aoaiinear imaging at high frequencies were 
achieved with a type oi'^m^^M ^tei^y fodused polymer film transducer) 
that can only be used esdemal to the body dne to its size (typically 6 to 12 nam in 
diameter). Such transducers are well suited to nonlinear imaging since they are 
25 btoad bandwidth (>100%) and can achieve high pressures through ibcusmg> This 
technology is appropriate for use with small animal imaging, dermatology and 
ophthalmology. 

Nonlinear tissue imaging teebniques ha^e also been developed, hi this case 
30 nonlinear propagation of nhmsouM pressure) gives rise 

to harmonics (centred at positive Integer Btulriples of the transmit frequency). 
IVXJS transducer elements (not catheter based) have been shown to be capable of 
producing second harmonic Images, with soihmsax signais isolated with analog 
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altering and signals being averaged at a series of discrete transducer beam 
locations [13] v [14], 

it Is an object of the present invention t© facilitate detection of mm vaspmm and 
5 plaque-associated molecules »sa^- : «|tpsi?^aa. :|edbsi<jaes> It is a further object of 
the- present invention to feciiltsle: tbo use of nonlinear contract', mierohvfbble 
imaging with 1VDS.. It is a farther object of me present iawiitlo» to facilitate; the 
use of nonlinear tissue harmonic imaging with WHS. It is a further object of the 
invention to impro ve the image quality v$:fflfJS using tissue harraoJHc imaging by 
1 0 using multiple pulse sequences. 

According to one aspect, the present invention provides an ultrasound Imaging 
device for detecting internal ptx>perries of a target body, comprising: an ultrasound 
transducer positioned at a distal end portion of & catheter for intravascniar 
15 introduction into the target body* the uhrasound transducer having a ttansnut 
ftequeneyf a waveform, generator.* coupled to the transducer., for produemg 
excitation guises: at said transmit frequency; a .receiver: for receiving echo signals 
from, the transducer; and a signal processor for analysing echo signals at harmonies 
aiid/or subhanuonies of the transmit frequency. 

20 

Aeeordisgte another aspect, the jreaent invention provides an nlirasoond imaging 
device for unravascnlar ultrasound Imaging of .a patient's body comprising; a 
catheter-based uinasound transducer for insertion Into the. body at a site of interest; 
means for transmitting a series of ultrasound excitation signals from the transducer 
25 suffi cleat to induce a non-linear response m tisane at the site of Interest; means for 
receiving ultrasound echo signals in response in the excitation signals; and means 
for generating an image of the site of Interest using non4iuear components of the 
received ultrasound echo signals, 

30 According to another aspect, the pmsent invention provides an ultrasound 
transducer bead ror use with an inlravasouiar rdtrasound imaging system for 
imaging Internal parts of a target body, e<nnprismg; an ultrasound transducer 
positioned at a distal end jKH&on.-q? a •oa&et^ • fpr mtravaacnlnr introduction, into 

6 
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the target body; and a eoMrast agent delivery coBcfcit extsftding along the cstbsien 
the delivery conduit having an ©m orttiee proximal to the nhrasonnd tnmsducar. 

Bn&odlmenis of the present inyentioa. vMl Xibw by way ox example 

S and with reference to the accompanying drawings in which : 

Figure i Is a schematic diagram of a eaihetor-based intravascular 
ultrasound system iff situ In the body at a region of hyierest; 

Figure 2 is a schematic, diagram of trassmM ^i#,?«ceive subsystems for use 
with the catheter-based mtr&vaseukr t^^s?>»nd: : ; ^sd«c^' of figure J; 
10 Figure 3 shows exemplary images of selectively located contrast agent 

bubbles produced using: (a) 20 MHz fundamental f&qamcy imaging; (b) 40 MHz 
harrniorHG imaging from, low amplitude excitation;, and (e) 40 MHz. harmonic 
imaging from high amplitude exdtabon; 

Figure 4 shows exemplary images of seldeti-vsiy located conu^jSi agent 
15 bxibbles produced using: (a) 40 MH^ ^nakmental &eqneney imaging; and (b) 20 
MHz snbharnionic imaging; 

Figure: 5: sho^s , exemplary: ixnages of free aud bound eo^rast : agent, Ispfobles 
produced usmg: (a) 20 MHz jxmdamentai frequency imaging of Iree bubbles; (b) 
10 MHz mblrnmomc imaging of free bubbles; and (e) 10 MHz snbhatmonlc 
20 imaging of bound bubbles ; 

{Figure 6 shows exemplary images of eiross-secbons of a tissue mimicMng 
:|te^nl,: : aeqt^ i €ad: m%. : ^»-.|t^iam.eM^ 20- MHz mode, the fundamental 40 MHz 
mode and the 40 MHz %mmmm mdde Irom a eatheten-based rotating single- 
element nansdueer; and 
25 Figure 7 shows exemplary images of cross-sections of an atherosclerotic 

rabbit aorta, acquired with me hmdamentai 20 MHz mode, the fiaidameotal 40 
MHz mode and. the 40 MHz harmonic mode from a catheter-based single element 
transducer. 

30 -Conventional 1VUS operates with ultrasound hi the 20 to 50 MHz range, which 
extends beyond the range: of reported •uonlmeaT oseihations for contrast agents. 
According to enrxently published data, there is no Indication that nonlinear 
scattering is possible at transmit feqneneies above 22 MHz. The isolation of 

7 



babbles below I npemn in €mx®m pmdm®& Improved second lusmionic and 
sabhannonie generation for a transact w ^<ala^.fte<|utocy of 30 Mgz [IS],. 
Toe peak trmmuf pmmm- used to iratiate snblpmienies in. [IS] was 3.2 MPa. 
White mUrnmotdc generation is BOi well msders1x>od M tee ifsqueucies, it is 
reasonable to. expect thai pressures required to untiate sUbhatmonies will Increase 
with tmnxmit .frequeBOy, 

Existing IVUS technology has signified !So»diits., IMrayascukr ultrasound Is 
necessarily a cathetat-based technique and: as sneh very small aperture transducers 
are used. Current IVUS systems employ either a mechanically rotated sis^e 
demerit transducer, or an el&ctronlcalhy steered array transducer. Mechanical 
rotation systems employ anrb-eussed transducers of <l. nun radiating surface, and 
images are formed tram single poises along a series of beam directions. I'h.ese 
traiisdu» ha ve limited baudwldfc Bue to the transducer iociUiou at. the tip of a 
oateer approxliyiately IS m lolsg* there can Be He^ca! tuning effects which 
narrow the effective bandwidth on tren^urit mi reception still further, WIJS array 
mmdum&.:i&&m^:mate narrowband than single element tepsdnces-s, and obtain 
lower pressures. These c^st^uts limit the ability of IVUS to MriM© and detect 
nonlinear signals, Xbc transmit pulse and: reeeiye pulse most both, be within tile, 
pass baud of tire transdncer, which Emits me pressure thai can be achieved on 
transhnt, limits the signal bandwidth, and results in loss of received acoustic 
energy. 

To date, no targeted or lurtargeied nonfinear (or babble specific) microbubble 
imaging has been reported with IVCJS systems. No reports have been made for 
tissue harmonic imaging with a raeclx^e^ly.:.?©|atirig IVUS catheter or an array 
catheter. Impieraentmg second |jg^sie-.^|ier0^]ufebl:e imagnig In IVUS requires 
operation at a frequency range where second harmonic contrast images have .not 
been successfully demonstrated as a means to Improve contrast agent to tissue 
signals, The application of mnltrpnJse ^ to Isolate 

nonlinear signals in the coatoxt of a rapidly rotating tran.sdtieer has not been 
demonstrated and can be expected in suffer feun signals deoutrolMiou effects 
between pulses. For subbnrmnaie imagi»g ; mUk%^tmtsmit^^mes indicated 

8 
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m the above hieratic (e.g. [15]) at the ispp&c ssBge of ite tesasducer bandwidth, 
may net be .feasible. 

The inventors have established that a contrast agent comprising bubbles below 1 
S micron in diameter can be «sed to ^^v§?r ^to&ioe detectibk nonlinear 
emissions at least up to 40 MHz, arid under conditions (e.g. sufficiently low 
pressures) that are feasible to acbieve w& IVWtfe^ques, 

Hie inventors have also deiennraed that nonlinear detection, at high frequencies, of 
10 mierobohble contrast agents bound to a surface is also possible, despite ttjg 
different physical conditions expnteestfey fea®i : jaidte hubbies. 

The inventors have also deterojim^ that nrmMnear detection of tissue harntome 
signals can he isolated, and second harntonic images thereby formed, by means of 
1:5 fjjdtipte pulse psethods, like puIss-rnvmioB. rPethbds dmdng the rotation of a 
nieehaaiealiy: steered IYUS ca(&etet> 

With mfemtm- to figure I s m a preferred arrnagernenu iafmvase^sr oKmMtmd 
imaging m a patent's body l{bpr«yMes fpr detection of encapsulated gaseous 

20 aepitstic eobtrasi ageM 1 1 wxtk MravaseuUir hltrasomici it will be understood that 
other types of contrast agent pardele may be used as the contrast agent 11, 
Specific acoustic signals are biduced and detected from the encapsulated gas 
bubbles 1] using an Intravascular ultrasound transducer 12. The hid action and 
detection of nonlinear bubble oscillations is used to distinguish ultrasound echo 

23 signals arising from tissue (meindmg blood) -from echo signals arising from 
contrast agent parades. 

lite ultrasound excitation siga$ .'$M^«itler a&d .acho signal receiver comprises a 
transducer 12 mounted on a catheter 13 or guMewim inbroduced; tnrougb a vessel 
30 14 sneh as the coronary artery. bi preferred: arrangernents, the length of the 
catheter is in the range 60 to 2§0 : em : (only partial length is shown in the figure) and 
the outer diameter is in the range 0,7 to 3 mm. 
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In oT5.e arrangement a bend 5 rosy he: fermed hi the distal m& regioa of the 
.eatbeter, approximately 15 to 30xnm.&©m i^.%^ : tQ .^^i£fe-.l^aa displacement of 
the transducer 12 to a position off the main mis &i && catheter 1.3 mid thereby 
closer to the walls of the vessel 14, fia,e : :traasdu©er 12 eourraimicates -with transmit 
5 and xceei ve electronics via wiring 8 passing through the catheter 1 3 . 

The transducer 12 may be used to excite and detect ipse contrast: agent that is 
located in the mum vessel hxrmtx (hi which the I¥f JS: is situated), hi side-branches 
of the rpak* lumen, m vasa mmm> sijd in other vessels or microvessels within 
1 0 the smTounduig. tissue. 

The transducer 12 may be used to excite ^jd dste#ffee contrast agent 1 1 that has 
selectively located to a region 1.5a of specific character, e.g* the vma ym&Ptm.,.. 
The transducer 1.2 may he used to excite and detect targeted contrast agent 11 tkat 
15 has selectively located to target piaoue-associated molecules 1.5b Concluding 
aioleenles expressed by vasg or to xaarkef s rekte4''t»-'-s^vss«Jftlai^saiic!«Si. 

The transducer 12 may be used to excite and detect targeted contrast agent 11 that: 
has selectively located M target molecules 15b associated with other wscnlar 
diseases. 

20 

The contrast agent 1.1 (vyMch expression includes free bubbles) preferably 
comprises encapsulated bubbles that are of a composition and a size distribution 
capable of osculating in a nonlinear manner at Intravascular ultrasound transmit 
centre frequencies of at least IQ MPfe, preferably in fee range 10 to SO MHz, and 
25 mere preferably in the range 15 to 60 M&, arid more preferably with centre 
frequency above 15 MHz or above 30 MFho 

Preferably, the contrast agent bubbles :U. haw comriiam shells encapsulating a 
gaseous medium.. Preferably* the contrast agent bubbles 11 are gas-filled 
30 mierovesicles st&MIised by a suxfaetant, and in particular a phospholipid. 
Preferably, the contrast agent inehsdesa substantial propordon of bubbles haying 
diameters less than 1,5 microns, more preferably less than 1.0 microns, and still 
more preferably of diameters in the range of 0.2 to 1.5 microns. Preferably 
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bubbles with diameters in the specified radges <e,g. 0,2 to } ,5 microns) iams 
greater than 1% of \h& volume fraction, more preferably greater than 2% of the 
volume fraction, even more prefepNy greater ti>a&5% of the vofume -.fraetion.,- and 
still isore preferably greater man 10% ©Ithe -votesf j^cfioxu According to feather 
5 preferred embodiments, fee bnbbles Mm greater feaa 50% of the volume fraction,, 
and more prefer ably greater than 70% of the volume if action. 



These- contrast agent bubbles 11 can be speeMeally mannritetered to achieve such a 
size distribution, A suitable method fm preparing babbies with die desired high 
10 volume fractions in the specified ranges is disclosed m WO 2004/069284. 
Alternatively, existing conrmercially available contrast agent designed for use at 
lower freousncies dot. having a srgnincsoi nmnbsr of smaller babbles can. have its 
population distribution modified to some extent by deeantation or mechanical 
isltratlpa [13]. 

15 

The contrast agent bubbles 1.1 are preferably iaixodueed into die blood sfomm 
erlher: teagh a systemic steady infusion or In fee form of a bolus, the steady 
state m&slon ntay : be administered through, a systemic mtravennas drips as can be 
done fer cbnvmional frequency contrast agent use, The contrast agent may be 

SO Introdueed in combination with Idealised drag dehvery. For the avoidance of 
doubt, the expression ^mtodnemg contrast #gebt late the vicinity of the 
transducer" is intended to eoeomfass both 0} 4 feca!' introduction of die contrast 
agent at or very close to the tranedncer locatiom and (il) 4 remote* introduction of 
the contrast agent elsewhere in the body, relying on transport of the agent to the 

25 vicinity of the transducer using infoerent action of the body, such as blood flow. 



More particularly, as shown; in .figure L the IVUS catheter 13. carrying the 
traosdneer 12 at an imaging tip WmBy b&km&^cm into the vessel of interest 14 
wifeni a sheath or delivery catheter \7< When located at the region or site of 
30 interest the imaging tip 16 extends past the exid 17a of the sheath 17 by .a distance 
d which Is preferably variable or pr^~selectabie. m preferred armngements, die 
distoee d is in the range 30 to 300 mm. Contrast agefe I f may be irrjeeted locally 
thongfe. the sheath 17, which defines a dehvery eondnit 1 7b s to an exit orifice 1 7c at 
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or proximal p the end I?a. This &nimtm fits Mivmy. of a high local 
poac8Bteaik>H of contrast agent 11: at ihc site ofimerest. 

Near the hnaging tip 16 there p^y^}^,faivm& is^tex (not showi} of the entire 
5 catheter 13 or of its inner diameter to reduce the space between the outer diameter 
of the catheter 13 and the Inner <£a*8S^r &0v®t$ catheter or sheath 1? to 

avoid premherdon leakage.. Preferably the exit orifice 1 7c -will be formed, as 
openings in the periphery of 'fee delivery catheter 17 so as to permit the exit of 
contrast agent in a. manner that enconxagss an eyea agent distribution 'towards the 
10 vessel wall 14, The exit orifice 17c openings may preferably fee provided within 
about 10 em of the cod of the sheath 17, 

A sthtahle jpraotely controHsliie closure mechanism (not shows) may be provided 
to open and close the exit orifice X7d, e# using a confess! wire so that the timing of 
15 contrast: agent delivery can he oarefnlly controlled, 

AUftaH^int tbslHbstraM mbv$mvi& fiw?:X^US catheter 13 and its transducer 12. 
is integrated with the delivery conduit 17b by incorporation within the delivery 
sheafs, k WiU he understood that the roles may be reversed with the delivery 
20: conduit 1 7b being fonned vtiihtek the TW>8 catheter. In a fhrtiier arrangerneat, the 
1¥0S catheter IS and delivery sheath 17 may be integrated by coupling them 
together side-by-slde. 

The catlrete-hased transducer 12 may of any suhablo type, e. g. comprising one or 
25 more layers of active or passive components and acoustic marching and backing 
layers. The -frequency response of the tmusduoet may have a single frequency 
region of efficiency or a combination or nmltiple peaks of efficiency, in one 
eoofiRwadon, the transducer may have elevated efficiency &mxsxid the utmstniited 
freqnency said at an integer number times this transnilfted frequency and in anohher 
30 configuration at the transmitted ffequeney and at half of this frequency, in one 
configuration the transdncet 12 may comprise an array of transducer elements 
which are capable of producing an elecMMc&lly sreerable ultrasound excitation, 
beam. In another configurations, the transducer 12 may comprise a mechanically 
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mmiptilabie single m nmiuple element transfer so that the direction of 
excitation beam teat* be stewed or scanned during a sequence of exeitatmm pluses. 

The transducer 12 j.s adapted to fee capable of gearing aconstio excitation pulses 
,5 of sufficient pressgre &ftd other ehanM^rishes (e.g. length, frequency content) to 
.initiate nonlinear scattering or response tim the oontrast agent. 

With reference to figure 2, a transmit subsystem 21 is provided, to. generate 
sequences of excitation pulses 21a of sufficient amplitude characteristics (e.g. 
10 length, b-equeney content) to me transducer 12 in order to initiate the nonlinear 
seatieriog in the contrast agent. Fart: ^fhe<tt4ft&8ft subsystem may reside within 
the catheter 1.3. 

Inferably, the exci tation pulses are generated at freq)ieneies greater than 10 MMz„ 
15 more prefembly at ftnqueneles greater than IS Mlfc. preferably, the excitation 
pulses have eentve irequennies i& the range 10 to SO MHz m& t»or0 gmfkMblj M 
the range 15 to 60 Mlb*, In other embodiments, the excitation : ptdse centre 
freqneney b in :tbe sange 15 to SO M^. : m&mw$--&x$^ly '%$ 'M®z or higher* m 
above 30 MHz. 

20 

Pulse sequences m&y be phase- and/or arisprityde-modiilated or frequencj^hand; 
lumted. m order to sufficiently permit the isolation of hinhbie-speorSe scattering 
after reception of echo signals arising fern interaction of the excitation signals 
wftfr Hk*-|!$SU# °«x& 'With. "&e contrast agent In general any excitation ptdse 
25 characteristic imy be used to enable or enhance the ability to discriminate between 
echo signals -j^pesotiveiy 'arismg 'fmm m$^m^mi:0f.Mtm&amd excitation signals 
with tissue and interaction with ctsntrast agent. 

The sequence of excitation pulses tmy: :epB»fdse. sp&esilte -ate Msniical, that vary 
30 in amplitude, that vary in phase orthat vary in length. Pulses may be derived from 
comfomMicns- of ^e^oi^^.^aasscatoi^s^,. &g. : xm®tf®& .copies and the like, 

13 



Excitation pdsss may be adapted to be used to destroy ,ammn^ot f . md to detect 
agent during the destruction t&reof, or to use feagkg pulses which Mlaw 
destruction pulses. Part of dig: transmit subsystem 21 may reside- within the 
catheter 13, 

Detection of nonlrne&t bubble, behaviour may be -achieved by way of detection of 
echo poises of sufficient baadx^dt&s :-m. : ths- : ' form of sibgle ot multiple frequency 
peaks, or through energy loss m the receive bapd>vi&th or through the detection of 
transient bubble responses. 

With furdier i«!ete«ce to figure 2, a receive subsystem M -conditions received echo 
signals 22a from the transducer (eg. by mnpliileation and iilterixtg) s digitizes the 
eondstloaed signal in a manner compatible? with separating the tissue and blood 
signals (e.g. with sidScient phase coherence), Part of the receive subsystem: 22 
may reside -within .the catheter 13 which may have benefit with respect to 
overcoming el eenieai toning effects a&d. improving signal to noise ratio. Part of 
the system may fee provided by a. personal oornpufer. Preferably, tha :febe|w 
subsystem is adapted to receive echo signals in at least a part of the range S to 80 
MHz. 

.A signal processor 30 md m image proeessiag subsystem 31 may be used to apply 
appropriate algbritmtis to eKtract fonbbfe specific signals and thereby foxm images 
thai bave improved se^sltrvhy and apecMcity to the contrast agent. It is to be 
•undmtood that free bubbles, located in msa vm$rum or targeted bubbles: located 
anywhere may have specific acoustic signatures that may be exploited in 
transmission of excitation signals, in reception of echo signals and in signal 
processing. 

In one preferred embodimeni the echo signal analysis and imaging is performed 
o». echo signals in a frequency band that is different to but potentially overlapping 
or non-overlapping with that of the In one arrangement 

the echo signal -analysis aMiassagmg'is p^xm^.-.m .f^-m^osHB-m a frequency 
band comprising the second harmonic of a: transmit frequeney. in another 
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mwgmw&, the echo signal m&yMs m$. Ixmgmg is peribrmed ki a frequency 
band comprising a subharrnome of a imxsmii frequency. In another arrangement, 
both harmonics and subhammaies are used in the; echo signal analysis md 
imaging. 

5 

la preferred embodiments* sabfeaomsife Imaging bom excitation signals baling 
osntrs frequencies in the range 20 IP 60 MMz $g preien-ed. requiring for. example 
acoustic pressures of at least 50 kPa. 

10 In order to inmate and defect nonlinear idtrasound signals -using an intravascular 
imw&wm system as shown in figure 1, it is necessary to achieve sufficient 
acoustic pressure in the &-xeitaiiors signals and provide s&flioient bandwidth and/or 
seassHyny when receiving the echo signals. 

I S I^releKihly s very tMli : -tx^s&acerlayers are deployed to resonate at high rreqnencles s 
and small aperture dimensions of l ess than ! tarn to fit in suitable mihmeml3* 

Nonlinear oscillations in contrast agent may be detected by signal changes 
pritnstily within the transmit frequency bandwidth. One approach for doing ; this Is 
3:0: to employ power modulation approaches. In power modulation, the hJansjnit 
amplitude of successive excitation pulses is varied, to result In diffidences in 
nonlinear signal gs^essffcm. (mi£. ;&<mh? a corresponding .reduction m the echo 

<:i:C>r;>i;-s pv> v f^-Xlt ■l*"! tl>t? tl'iVtlSnitt ^H^IH WUlti'l 'i ■ 'C )t> TSC£I Vit)i T £-ChO S'i" V t"XGlj\ ■ 

groups are combined in such a way as to extract the nonlinear signal strength by 
25 analyzing dii&rences in the transmit bandwidth. Other approaches are also 
possible, for exafliipk -explditltig #e modm mspimBe of contrast- agent 

Dlfiereiitiation between contrast agent bubbles within the main vessel lumen 14 
(e.g. the coronary vessel) and bubbles within : ms& vasornm. 15a situated in tissne 
30 Imnacdiafely adjaeerd to the lumen 14 mm be effected by nsing eorrelation-basad 
techniques to diff^ntmte-bet^eR moving bubbles 1 1 in the vasa vasorum 

1 5a and more rapidly mowsg bubbles Is; the lumen 14. This may he done within a 
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givers Image frame and/or between two or mere consecutive image frames (frame? 
rate is typically 20 to 30 irnmes per second). 

If a local upstream bolus inaction is used to Introduce the eostmst agent, Ms will 
S result in a rapid passage of agent within me main lumen 14, followed by a time- 
delayed .arrival of agent to the vmz Smmrimi. toalyziag the evolution of the 
signals ia a region of interest fBDT} as a funobon of rime after a bolus may 
therefore assist in discriminating between contrast agent ia the mam iomen arid 
agent in the vasa vasormn. Suck approaches may use frame m>i>ame image 
1 0 tracking doe to tissue motion. 

Dsstmctiomreuertusion techniques may also be used. In suph techniques* a. series 
of narrow Jsjaaafc^ffc pulses (preferably at as low a. frequency as achievable) is 
more appropriate to achieve destruction of the eorrlrasf agent bubbles. Imaging 
15 pukes may then follow. Two different trimscfeees's rnay be used -^t^-iSiS-feStbstet 
located at or :m&£ the imagmg hp 16: .& fimt transducer fbr destructive excitation 
ptdses («vg* with a frequency in the range 1 to 15 MHss, and pre&rsbly m the region 
of S Mps) and a second transducer |b? imaging, of the type described aboye. 
Imaging niay t>e-pejfo?m«<i 4a^.ie#i^<3p,..©r during r^perfbsion. 

20 

Eitber transducer may be used to facilitate -the targeting of contrast agent by tneans 
ol radiation pressure. In a preferred embodiment acoustle pulses will he sent out m 
such a way as to enhancement binding following the Injection of agent This will 
then he followed by pulse sequences that, are appropriate for imaging the bound 
25 agent 

Targeted and retargeted contrast: agent bubbles may be differentiated using a 
number of techniques. Correlahon-based teebaiques may be used to differentiate 
between hound and bee bubbles. These techniques may be performed within a 
30 given frame and/or between two or more consecutive frames (frame rate is 
typically 20 to SO ff araes per seeondl Such approaches may use if ame-io-lf ante 
image tracking, Destmedon tcebniqn.es may be used, as previously described 
above. Imaging may he performed darmg destruntiorg or during re-accumulation 
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at target sites. Differences between the acoustic response of bound sbd free 
bubbles located vKitMx) ...the lumen rnay also be used. 

With f raider reference to figure 2„ an exemplary d^3<)BStratioa of the ultrasound 
5 imaging is bow described In ■th$-imzm& subsystem 2!, a wsve&rm generator 23 
provides a suitable pulse waveform to a power amplife 24., to generate excitation 
signals from the amsdueer 16. Jh®$^<m;cmsvB&?y 25 in fee form of m expander / 
limber may be provided at the output or the power amplifier 24, A transmit-side 
filter 26 may be provided to pi&~c&xy&$m:mm£(m$® .generated by the waveform 
10 generator 23.- It will be natestood thai any or all of the elements 23 -- 26 of the 
txansaiit subsystem 21 could be combined and/ox Incorporated into a. single 
electronic circuit 

la &e receive subsystem. 22, an ampBiier 2? ^e«b?es echo signals 22a .from the 
.15 transducer 12, and. passes these to a digitizer 29 for analogue-digital conversion, 
'the digitised signals are passed, to a signal processor 30 (wMcte may be 
teo^ml^..^!^m-a-|^r§o»aJ -computer. T&e m.$nd-ptf^^m.$^ ^myiti^4^ t ox 
be coupled to an appropriate image processing device 31, wMcfe also imf 
incdrporated wMmx a personal compute?;. An analogue filter M may be 
20: incorporated, m the receive path* e.g. before and/or after amplification of' fee 
received echo signals. It will be understood that any or ail of the elements 2? - 30 
of me receive $x$*^pm 22 could be combined and/or iacorpcsrated into a single 
eleetronie circuit. 

25 la a practical implementation, a flow phantom was constructed by creating a 1 mm 
flow channel through tissue mimicking phantom,, and contrast agent was passed 
through ibis ' vessel/ during the experiments. The coMrast agent employed was an 
experimental phosplioiipid-stabili^sed corapositkm prepared according to example 
11 of WO 2O04/G69284. Images were constructed by poise-inversion techniqnes 

.30. frora a series of .pulse emsembles <10 or 23% bandwidth) acquired during 
continuous translation. The pmse-lnversion tectoiqnc exJects cancellation of linear 
signals by exploiting: dif^mnoes in ednseoaiive phage-hweraea poises doe to 
nonlinear propagation or bubble responses. If there is substantial motion between 
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the tissue and tnlnsdueet between pulses, this will result hi Ineffieient eaneeliatlon 
of the luixtasaeotsl frequency. 

In a first experirae&t, a neediemmuuted FVUS ixaxtsdiKser was employed (having a 
5- bandwidth of 15 to 45 MHz) to image free bu¥Mes Sowing freely through fee 
vessel The vessel was first imaged In 20 MH2 fundamental mode (F20)> which is 
linear imaging. The vessel W$$- ilea Imaged using the second harmonic of a 20 
Mi-Is transmit pmse (H40), and rlaally using the sufehsnnorrie of a 40 MHz 
transmit pulse, centred closer io 20 MHz CS30). 

1.0 

In a second expednieoi, me potential io image bound niierobubhles In. a nonlinear 
manner at high frequencies was demonstrated.. This wax acme by passing contrast 
a^ent through a ptoxitom vessel composed of a material that hound in the agent in a 
noti-spaoifie taamier- After flushing the phmtom with distilled water, the inner 
IS part: of the ptwitas* was coated in a layer of bound bubbles. Imaging In this 
0t|>eT5naeut was; dohe with a spherically focused poiymsr traasduaer of eerme 
feqaeacy 19 MH%. using a transmit ftequenoy of 20 MHz, Imaging -was done In 
hoib F20 mode and using the suMunnKunc (SH10) emissions, 

20 The results are shown, in. figure^ 3 to 5 , 

As sho^n m figure 3, E2Q imaging shows little contrast between dssusand agent 
Sowing, in the vessel (figure 3a):, At low transmit amplitudes (figure 3b), H40 was 
found, to produce improvements in contrast to tissue signal ratios (Cllf). At higher 
25 tmnsnnt amphtudes (ngure 3b) 5 me CTM degrades due io Increases in norhroear 
propagation giving rise to a .stronger -igs^ae-.ija^iionic 'signal This indicates that 
lower pressure raeges will be appropriate fnr eonnasi agent Imaging, and higher 
pressure amplitudes are approfsia®? f&' : $s&e-b&^t&(z i&saguig. 

30 As shown in figure 4-.fe -limdapeatai fireqjteney image, F40 (figure 4a) offers 
poor visualisation of the vessel Is Si 120 mode results Indieaie tissue suppression 
appma.eMng the noise floor, with up to IS dB of eonimsim noise ratio at higher 
transmit amplitudes. These results indicate the feasibility of nonlinear eanirast 
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imaging with IViJS. The feaslbi)% to mpptsss tissue signals Is critical m reliably 
detecting vma vas&rum with WUS. 

Refermrg to figure 5 S .figure 5s shows FSOImagmg of fee flowing bubbles, figure 
5b shows- SHIO imaging of tree uloyiang hubbies, and .figure Sc shows SHIO 
imaging of bound bubbles. These results demonstrate that nonlinear targeted 
contrast: imaging is viable at U^\tt&Bp¥^dm #5;pe$sfe^gve of bound-agent 
detection using catheter- based transducers. 

The imaging techniques using a catheter-based, ultrasound probe may be used to 
assist in localised drug delivery by pGiudmg real-thne image guidance to die drug 
delivery mechanism. 

The drag delivery mechanism may fee incorporated with the eootnast agsut Drugs 
Or genetic material may he b&wpop^ i^. iocattg within or m mme mmum 
attached to or imbedded: hi the contrast agent 'Tfya. catheter-based; IVIJS transducer 
can be dsed to assess au.appropriais-lbe^t|on. for drug or geuetic mMeria! deii^^ry 
and to taellitate its delivery, The delivery may fee ikcihtated by the acoustic 
sdntoiatipn of either d>e imaging transd:ucer or the second lower frequency 
tranadueer, if present, lite acoustic xthmdatiou may effect ths disruption of 
contrast agent wfetch contains drug or genetb material, or contrast agent that is in 
the p-saettce of drug or genetic material This may involve the stimulation of 
oscillations of contrast agent which contains drug or geusiic material or contrast 
agent that Is It? the presence of drug or geb^ifc: material in a manner that, facilitates 
die delivery of the drug or poetic material to the nssue or cells of interest In a 
preferred ornbodirnent a two U'ahsdtteet approach: is employed such that the lower 
frequency (2 to 15 MHa Ijausduder) m--jB$$d : f»yf^ii;fc$te the delivery of dreg or 
genetic material, mi the second fr^sdncer, the imaging transducer, being used to 
guide or monitor the treatment procedure. 

Wife fender refesnoe to figure L me contrast agent delivery system using conduit 
1 7b formed by sheath 17 may also he configured with means .tor apulytug a sal ine 
Cor heparirdaed saline) flnsb between contrast injections. The delivery system 
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conduit may also be provided wife a means (nm sfeow^) ibt displacing a smaller 
volonae ox agent to the eatneter tin, particularly if lie volume of the catheter sheath 
1? may exceed the desired injection volume. 

5 In a simple case* existing syringe adaptors may be used to manually introduce the 
agent m& saline flashes. An exemplary mtomaied hnplementatka! consists of a 
two~p!nager syringe pump (one for a saline syringe and the second for the agent), 
"the agent injection volume and injection ptg can be speeded and the agent can. 
then automatically be pushed slowly £to avoid pressurtgaticn of agent that would 
10 cause its disruption) towards the catheter tip. This can then be followed by the 
bolus injection phase (the timing of which may be eleotenically synchronised with: 
the IVUS imaging and acquisition system.. 



A sunnnar^ Of the presently preferred operating parameters for both transmission 
15 of exchaiiou signals and rsofcptiok / pQfm&M^-&f e&fe sapslfc is ni3W'p£®yii£&,ibt 
the various cafhetex-basednhrasonie contrast imaging schemes cfcsoribed. 

For second harmonic tissue and opr^asi a^eni imaging teclmiques deploying a 
single: element tr&usdtteer, poise centre frequencies in the range of IS to 30 Mfcfe, 
20 with total pulse frequency content between 5 and 6'0 MBz is preferred. Beak 
positive aeotsstie pressures withm the beam {as measured m a water tank) lie 
between. 5 kPa and 1. MPa for contrast imaging mode. 'Peak positive acoustic 
pressures within the beam (an measured in a water tanK) lie between 100 Ifa and 
10 M P a when operatingm tissue harmonic imaging mode. 

25 

For subhanxtomo imaging techniques using a single element transducer, poise 
centre frequencies m the range of 30 to SO Mffe, with total pulse frequency content 
between 10 and 80 MHsfis preferred, Peak positive acoustic presses Witixln the 
beam (as measured in a water ta^ lie between 20 kB» and 8 MPa when operating 
3 0 in contrast imaging mode , 

In a. power modulation mode, pulse centre frequencies in the range of 20 to 50 
MB^ with total pulse frequency comem between 10 and SO MHz is preferred. 

20 
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.Peak positive acoustic pressures within the bm& {as: measured in a water tank) Be 
between 5 kPa and 8 MPa when ^pess^^^xOxm^m^m .mods, 

M other ntmlmear oscillation modes (e.g< nsing time dependant signals suck as 
5 transients or itsing puine^ength -de^esdsfit &M®cts% puhe centre frequencies In the 
.range of 20 to 50 MHz> with total pulse #equ^y coi^©nt between 10. and 80 MHz 
Is preferred. Peak positive acoustic presses wirlfm die beam (as measured 'w. a 
water- tank) lie between S kPa and 8 MPa, 

10 in a des^uetion pulse mode using a single element transducer, -transmit centre 
frequencies m the range of 10 to "40 M$fe» with pulse band widths between 0,1 % 
and SO %~4 dB relative bandwidths are preferred. Peak posittvp acoustic pressures 
vvinun the beam (as measured is a xvaier iaulc) lie between 100 kPa and 15 MPa. 

15 1st a destruction pulse mode using a separate low frequency element to destroy 
contrast agent, pulse centre rlrej^eies in the range of 1 to 15 MHz, with pulse 
bandwidlhs lying between 0.1 % and 5f dB relative bandwidths are preferred. 
Peak positive; acoustic presses within &e beast ^ measured in a water? tank) lie 
between 100 kPa and 15 MPa. 

20 

;For a non-destructive dual element imaging mode using a separate low frequency 
element to initiate oscillations, pulse e^r^ fbsqpencies m the range of 1 to 15 
MHss, with, pulse bandxvidfhs between 0,1 % and 50 % -6 dB relative baudwidths 
are preferred, Peak positive acoustic pressures within the beam (as measured in a 
25 water tank) Be between 1 00 kPa and 5 MPa. 

Pox a nondestructive dual element imaging mode using both low and high 
frequency elements to initiate contrast agent oscillations, pulse centre frequencies 
for the low frequency element in range of 1 to 15 Mffz and pulse centre 
30 frequencies for high .fequeney element in range of 15 to SO Mlfe s with pulse 
baodwidths between 0,1 % and 20 % ~4 dB relative bandwidths are preferred. 
Peak positive -acoustic ppemms: witMn the beam (as measured in a. water tank) He 
between 100 kPa and. 5 MPa. 
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For basic contrast ageat detection, with s single element transducer system, agent: 
detection is achieved by means: of tfee- m&Utism begmfamr of bubbles. The 
nonlinear signals are isolated by means of llkeriag and atialpis of pulse sequences.. 
5 Individual traasmltmd pulses have cMracteristies that fail within the range of those 
described above. The expression "pulse sequence 5 refers to a. sequence of 
potentially different pulses mat are u"aasxrnbed and received as the transducer is 
rotating, 

1 0 In the simplest ease, alt transmitted pulses are Identical and sent at equal intervals 
in the range of 1 ms to 0.001 ms< Koblinear echo signals at snbbarmonic or second 
harmonic frequencies are isolated by a oombiuabon of analog and digital .filtering 
of the individual received echo signals. A single XVUSi'feaage-is- &>tme4 . by Sfcsklag; 
the envelope of individual RF lines displayed in a linear, logarithmic or otber 

1.5 compress-ion sefeeiue. In general, the signals from a. group of adjacent pulses '{tia&m 
taM two) ate combined to form, an image line, and in doing so benefit :rfmii signal 
averaging effects. Use combination may take fee imm of direct averaging of the 
time: domain, : or power averaging or another scheme, 

20 'franstnibed pulses may also be phase-mversed (i.e. have 180 degree phase 
differences) with respect to each other. A. group of these pulses (two or mote) may 
be comMmed-io. ferm as linage line ^^strategf f#r-t«m©vkg Mnear tissue signals. 
The operation to combine the pulses may take dilfcrent forms, only one of wan eb is 
to sum with equal weighting all me pulses. 

Transmitted poises may also be pbm shifted with respect to each omer by an 
amoirnt other than I SO degrees (e.g. 90 degrees), A group of these pulses (two or 
more) may be combined to form an image line as a. strategy for removing linear 
tissue signals. The operation teeombmefhe poises may take different forms, only 
30 one ex which is to sum with equal weighting all the pulses. 

Pulses may be transmitted : $lfer«a$ . : am|i3itades t: .referred, to as power 
modulation. This will wary me amount of nouh^ A group of 
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these pulses (two or more) may t?e : mrabmsd to form m. imago;li»e .as a strategy 
for removing linear tissue signals, lie operation to eonihme the pulses may take 
different .fcfcms. For example, if two poises are trmsw&tmd, the fksi with half tbe 
amplitude of -fee second, then the received p^se.:-f|air-is::;addisd'by nndtiplying the 
3 first pulse by two before subtracting it foam me second. 

Transmitted cOiablnatfoas of phase and amplitude nlodnlaiioti may be used to 
isolate nonlinear signals. 

! 0 Transmit pulse lengths may be varied. The: mcmyM signals may then fee processed 
to o&tzmi nonlinear transients .or ofcex pidse length dependant ..signals arising fern 
babble oscillations. 

transmit frequency may be varied wlthta a pulse. The received sigaals may then 
13 be processed to e^ract signals anshsg from bubble oscillations. , 

Farmatloh of linages from, the imagiag transducer received signals when the 
transmit pulses are sent out by either the imaging transducer or a separate low 
jiequeney transdncei' to destroy agent may be effected in several ways, both tor 
%$ wfeen destructive pulses are transmitted by the Imaging transducer, or by a separate 
low frequency transducer. 

For pulse sequences that consist: of one or rnore destructive pulses following by 
imaging pulses of fee types described above, one or more entfre rotations of the 
25 IVUS element can be conducted dur in g which time Mgh amp.iitts.de pulses are sent 
with the intention of destroying free or targeted, agent with either, transducer. 
Following the destructive frames, imaging: is then performed using one of the 
methods described above. Tbia can be used as a means of mnplemeatmg 
ck^stoictioB-reperfoskm imaging or to assess re-aocumnlaiion of targeted agent, 

30 

If the shove are conducted following the; Injection of a bolus, the changes of 
signals as a function of time in regions of interest may be used to differentiate 
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agent located in. vc&m vasormi m targeted %ent from free agent within, the main 
lumen. 

With targeted agent, a different pmssnre* bandwidth and frequency range may be 
5 employed as a means of distinguishing ia? gated agent from botmd agent. 

Pulse sequences may consist of nuu-desrruetiye (pv pmdomirxmilj non-destructive) 
pulses sent on the low frequency tra^tiice? and Bonhneax signals detected by the 
imaging transducer. These signals may include sa^ixatmomcs, ultraliarmonies or 
10 transients. 

False sequences may consist of me smmltatusous txan.smstling: of different pulses 
on both : the imaging transducer and ttee low frequency transducer, 

15 Tfeiaaie apparatus as described h^em is capable of operating in tissue (inciudmg 
Mood) imaging mode. By being able to operate in either mode it is possible to 
superimpose contest specific signals onto tissue structural images. Tissue signals: 
in ay be isolated from the incoming received signals (which may also contain. 
coufrast-specMe: signals) tbrough processing. Alternatively, tissue signals may be 

20 extracted from modiicationa of the; pulse sequences (i.e. both transmit: pulse: 
cbarseterlstics and amplitudes) tast would allow for tissue imaging poises to; be 
Interleaved with contrast inaaging poises. Tissue imaging can be perfonned in. 
linear or nonlinear imaging modes. Multiple pulse techniques such as pulse- 
inversion imaging or amplitude modulation can also be applied to nonlinear tissue 

25 imaging (both in the presence of contrast agent or not). For tissue imaging the 
multiple pulse techniques will be optimised so that the level of harmomcs 
generated are raaximfred., or are maximized after a certain distance,, or to maximize 
the contrast in between tissue components. 

30 This may also be accomplished by alternating frames to he dedicated to either 
contrast or tissue signals. It Is recognized that Mgher a^itttde'^asajit conditions 
will favour tissue second Itaxmonic inmgmg. and lower tmnsmii ainraltndes will 
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favour co&ts&st second hansonie imaging. Tissue isspsshanneasic imaging may also 
be performed, 

in. a practical mm! ementa&on 5 tissue harmonic Imagmg was liberated tm a 
5 continuously rotating single e>emeM txaBsdweex in a tissue hhmlcking phantom and 
in an aterosclerotic tabb&agr&u Gaussian orveloped pulses a* centre .frequencies 
of either 20 MHz or 40 Mliz were generated. The fractional bandwidth of me 
pulses was 25 %. hi the phaatorn m4M-WW experiments we acquired, results of 
the fundamental 20 Mliz mode (Flu), the fundamental 40 MHz mode (F40) and 

10 the liarmonic 40 MHz mode (H40), Lt, the second hamienic of 20 MHz. in these 
experiments averaging of neighbouring lines to increase the signal-to-moi.se ratio 
(SHE) was used, Harraonie images (040 mode) were made by means of pnlse 
inversion. This multiple pulse technique: Ms not beeii used with rotating single- 
e!em.ent TCIJS catheters before and is counterintuitive because of loss of 

IS correlation due to lateral motion. 

With reference io figure fi tissue harmonic imaging using pulse inversion lias 
shows to be feasible in a tissue: nnnnei&ng i&autom and to improve image qnahry- ; 

20 With reldrcnee to figure tissue hammrhc imaging using pulse Inversion has 
shown to he feasible hi ami to improve image quality. 

Other embodiments are intentionally within the scope of the accompanying claims, 
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CLAIMS 

1, An ultrasound imaging defies for defecting internal properties of a. target 
b ody , compn si og: 

5 an plpaisonh.d transducer posnione& ai a distal end portion, of a catheter for 

intravascular inundation into the target 1?ody v the ultmseaBd transducer boding a 
transmit freqneney;. 

a waveform generator coupled to the transducer, tor producing excitation 
pulses at the transmit frequency;- 
10 a receiver for reed ving echo signals front the transducer; and 

a signal processor for analysing echo: signals at harmonics and/or 
siibhamionies of the transmit rrequeney, 

% The device .of .claim 1 in which the transducer and waveform generator are 
i 5 adapteo! to trfmsmit excitation signals at a frequency in the range 1 0 to SO MEz, 

3> 'lite device of claim 1 in which the transducer and waveform generator are 
adapted to transmit exehation signals havmg a penfre IxequeJicy in the range 15 fb 
SO MHz. 

20 

4, The device of claim I in which the transducer has an. active element sutface 
ox kss fbaa 1 nun, in diameter. 

5, The device of claim I in. which the transducer is adapted to prodooe a 
25 steerable exeitadon beam. 

6, Ine device of claim 5 In wMfefa ;ihfe transducer comprises at least one 
mechanically steerahk active element 

30 ?. The device :.©f {jMm 5 :ig---uMch ti^: feap^poer cotaprises m array of :aeti : ve 
elements which can he phased to result in eiectronic beam steering. 
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8. The- device of claim ! in wMob th£ : . tnwsdueor is adapted to produce 
acoustic ptQSsmts &t at least 10 kPa at the --txm^k'ixeqw&£$< 

9. The device of claim B in wfeicfi the itmsdneer is adapted to produce 
5 acoustic pressures of at least 100 kPa at the transmit fesqneney . 

10. The device of claim 1 &riher including a aeoond, lower fxeqnemcy 
transducer positioned at the distal end portion of the catheter for producing coatrast 
agent desirnedon. pulses m the range 1 to 15 MHz. 

10 

11. The device of claim 10 bx which me §ecoxse[ transducer is adapted to 
produce acoustic pressures of at least 200 fcPa* 

12. The device of claim 1 in wMck the wavafen generator is adapted to 
IS generate multiple jpulse sequences for simulating echo signals at the harmonic 

and/or suhharmouic SVequenoies; 

13,. The; device of claim 1 in which, the signal processor meJiides ineans for 
deterrmmng the energy at the harmonic and/or sabhaxmocic frequencies By 
20 analysis of multiple; pulse sequences, 

14. An ultrasound imaging device fox intravascular tdtrasonnd imaging of a 
patient's body eoroprlsingt 

a catheter-lsased ultrasound iraasefnoet Jbr insertion into tire body at a arte 
25 of Mfcetest; 

means for transmitting a ssriag of xdrrasonad excitation signals from the 
transducer sufficient to induce a-»-te.'i«p)*'li':^. '0 tfce site of interest; 

means for receiving nlirasound echo signals in response to the excitation 
signals; and 

30 means for generating an image of the; site of Interest using non-linear 

conmonems of the received ultrasound echo signals. 
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15, Ail uteaaannd Uansduoer head .tor use with an intravascular ultrasound 
imaging system for Imaging [Mtos^:^s^-p£&:tss^&t-'bo^ comprising: 

anritesouad transducer pssih'oned at a disM aari portion of a catheter tot 
intiuvasenlar iatte^istioa.inM^e target body; and 
5 a contrast agent delivery edudtat extetrfsing along the catheter, the delivery 

condolt having an exit orifide proximal to the ula'asonnd transducer, 

16. Tfe transducer head of claim 15 further iriomdlug a delivery pump tor 
delivering a. predetermined volume of contrast agent through "the exit orifice. 

10 

1.7. The trartsdueer head of claim 15 further including a delivery pnrnp for 
deh>eting contrast agent through the exit orifke at a 'predetennlned rate. 

IB, The transducer head of dahn. .15- in wMeh the uitrasouiid imnaduoer has an 
15 active element anrfaee ox less than 1 mm in diameter. 

19. The trahsddcer head of elaiih 15 in which the tdtrasonnd traKsdncer is 
adapted to produce a steerahlo excitation beam. 

SO £0. The transducer head of claim. 19 in which the nunsdneex comprises at: least 
one. ineehanieally steerable active element. 

21. The device of claim 19 la -which the mtrssound transducer comprises an. 
m&y of active elements vMsh can he phassd to result in electronic beam steering. 

25 

22. The device of claim 15 huther including a remotely controlled closure 
mechanism to open and close the exit orifice. 

23. The device of claim. I S In which the exit; orifice and. the active surface of 
3 0 transducer are separated by a distance of between 1 0 and 309 rnm. 
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24, Th& device of claim IS further melnding a bom in the distal end region of 
the catheter to provide lateral displaeentent of rhe imasd«csr to a position of! the 
axis of a main portion of the catheter. 

5 25, A method of mtx^v^ufer nli^onnd imaging of a patient's body 
comprising the steps of: 

introducing a c^betsr-ba^.l^tr^^y^S transducer into the foodv at a site of 

transmitting a series of ultrasound ojcciMion signals torn the transdtj.eer 
1 0 sufficient to induce a non-linear response in tissue m the die of interest; 

receiving ultrasound echo signals in response to the excitation signals; 
generating an image of the sit© of Merest using non-linear componsaats of 
the received 'ultrasound echo signals. 

I S 2i, The meljod of claim 23 wbereut the eatheter-bassd nlirasound ixansdaoet is 
a rotathig single element transdncer. 
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